Strain NRRL 12292T, which produces the bleomycin-like antibiotics LL-BO1208a and LL-B01208P, forms umbels consisting of chains of smooth-surface ovoid spores that are borne on verticils on the aerial mycelia, indicating that it is a member of the verticillate group of the genus Streptomyces formerly classified in the genus Streptoverticillium. This strain was compared morphologically and physiologically to 54 other verticillate Streptomyces strains. The levels of DNA relatedness between strain NRRL 12292T and 34 other verticillate Streptomyces strains, including strains representing at least 19 genetic species clusters, were also determined.
Streptomyces sp. strain NRRL 12292T was isolated from a soil sample from South Dakota during the course of a naturalproducts screening program at Lederle Laboratories. This strain produces the antibiotics LL-B01208a and LL-B01208p, which are related to phleomycin. Morphological observations of the strain revealed that it produced spores from verticils on the aerial mycelium, which is typical of microorganisms previously described as members of the genus Streptoverticillium. The gross colonial morphology of strain NRRL 12292T was distinctive when it was compared to the gross colonial morphology of other verticillate streptomycetes because of the straw yellow color of the aerial mass. The genus Streptoverticillium has been reunited with the genus Streptomyces based on 16s rRNA sequence similarity data (17) . Strain NRRL 12292T was therefore compared phenotypically with other verticillate streptomycetes formerly classified in the genus Streptoverticillium and was found to be a member of a new species. Subsequently, we determined levels of DNA relatedness spectrophotometrically between NRRL 12292T and 34 representative strains belonging to 19 species of verticillate streptomycetes previously delineated (5) based on levels of DNA relatedness greater than 70%.
MATERIALS AND METHODS
Strains and cultivation conditions. The strains used in this study are listed in Table 1 . Primary storage of strains was in refrigerated ampoules containing freeze-dried spore and vegetative mycelium suspensions in sterile beef serum. Working stock cultures were maintained on slants of synthetic starch agar or yeast extract-malt extract agar (15) and were stored at 4°C until they were needed. The inoculum used for physiological evaluation was grown in Bennett's broth (1 g of yeast extract per liter, 1 g of beef extract per liter, 2 g of NZamine type A per liter, 10 g of glucose per liter; pH 7.4). The biomass used for extraction of DNA was grown in tryptone-glucose-liver extract-yeast extract broth (12) with shaking at 200 rpm at 28°C.
Morphological observations. Gross morphological observations were made by using cultures grown for 14 days at 28°C on the standard media suggested by the International Streptomyces Project (ISP) (15) . Micromorphology and sporulation were determined by light microscopy and scanning electron microscopy. The samples used for scanning electron microscopy were samples from 14-day cul-tures on agar media that had been fixed overnight with osmium tetroxide vapors, postfixed for 1 h in 1% osmium tetroxide in Millonig's phosphate-buffered fixative (lo), dehydrated through a graded acetone series, critical point dried from liquid CO,, and sputter coated with gold-palladium. The samples were observed with a JEOL model JSM 6400V scanning electron microscope.
Chemotaxonomic methods. Diaminopimelic acid analysis was carried out by using the procedures of Becker et al. (l) , as modified by Staneck and Roberts (16) . The fatty acid content was determined by using biomass collected from Trypticase soy broth (BBL, Cockeysville, Md.) agar plates that had been incubated for 4 days at 28°C. Growth scraped from the plates was processed immediately or frozen at -20°C until it was processed. Fatty acid methyl esters were obtained from the biomass by saponification, methylation, and extraction by using the method of Miller and Berger (9) . The fatty acid methyl esters were separated and quantified by using a model 9898A gas chromatograph (HewlettPackard, Inc., Avondale, Pa.) fitted with a methyl phenyl silicone fused silica capillary column (25 m by 0.2 mm; Hewlett-Packard) and Microbial Identification System software (MIDI, Inc., Newark, Del.). Peaks were automatically integrated and fatty acid identities and percentages were determined by the Microbial Identification System software.
Physiological tests. Physiological tests, including tests to determine production of acid from carbohydrates, utilization of organic acids, growth in the presence of glycerol, lysozyme, salicylate, and 5% NaC1, and hydrolysis and decomposition of adenine, guanine, hypoxanthine, tyrosine, xanthine, casein, esculin, urea, and nitrate, were performed by using the media of Gordon et al. (2) . Phosphatase activity was evaluated by using the method of Kurup and Schmitt (4). The tests to determine utilization of carbohydrates as the sole carbon source for growth were performed with the media of Pridham and Gottlieb (11) .
DNA isolation, purification, and hybridization. DNA was extracted from cells by the method of Marmur (7) after the cells were broken by passing them through a French pressure cell (SLM Instruments, Inc., Urbana, Ill.) at 10,000 lb/in2. The DNA was further purified by chromatography on hydroxyapatite or by cesium chloride density gradient centrifugation (6). The guanine-plus-cytosine (G+C) content of the DNA was determined spectrophotometrically from the midpoint of thermal denaturation in 1 X SSC (0.15 M NaCl plus 0.015 M sodium citrate) (8) . The levels of DNA relatedness between strains were calculated from Statistical calculations. Statistical calculations on the DNA relatedness data were performed by using SAS for Windows, release 6.11 (SAS Institute, Inc., Cary, N.C.), and a FoxTech Guardian 150-MHz Pentium microcomputer (Fox Technologies, Inc., Yorkville, 111.). The data were clustered by the average linkage algorithm with the SAS/STAT CLUSTER procedure, and a dendrogram was generated with SAWGRAPH by using the macro GRAFTREE written and kindly provided by Dan Jacobs, University of Maryland.
RESULTS
Morphological and chemotaxonomic properties. The verticillate sporophores on the aerial mycelia of Streptomyces sp. strain NRRL 12292T were observed on many media by light microscopy, as shown in Fig. 1 , and were also clearly visible on a scanning electron micrograph (Fig. 2) . Each of the verticils produced umbels consisting of straight chains of ovoid smoothsurface spores (0.5 by 1.0 km). This morphology is typical of strains previously assigned to the genus Streptoverticillium.
The gross colonial morphology of a 14-day growth of strain NRRL 12292T on ISP media is shown in Table 2 . The straw yellow color and cottony nature of the aerial mycelia and spore mass of this strain on most media are particularly distinctive. Strain NRRL 12292T was found to contain the L isomer of diaminopimelic acid, which is typical of members of the family this study are shown in Table 3 . Strain NRRL 12292T is physiologically distinct from the other verticillate strains studied. DNA relatedness. The levels of DNA relatedness of Strevperformed. Figure 3 shows that Streptomyces sp. species MRRL 12292T clusters separately from all of the other taxa studied.
tomyces sp. strain NRRL 12292T to the other verticillate strahs included in this study are shown in Table 4 . The morphological properties of strain NRRL 12292T (i.e., production of spore-bearing umbels on verticils formed on the aerial mycelia), as shown in Fig. 1 and 2 , clearly place this strain with the verticillate streptomycetes, which were formerly classified in the genus Streptoverticillium. The unique straw yellow color of the aerial mycelia and spores of this strain (Table 2) distinguishes it from all other verticillate species; Streptomyces albireticuli and Streptomyces eurocidicus are the only other species with aerial mycelia and/or spores that are yellow. As Table 3 shows, strain NRRL 12292T differs physiologically from the previously described verticillate taxa, including S. albireticuli and S. eurocidicus, which supports designation of this organism as a member of a new species. The lack of DNA relatedness between strain NRRL 12292T and 34 representative verticillate streptomycetes, as shown by the data in Table 4 and as shown graphically after average linkage clustering in the dendrogram in Fig. 3 , confirms that this strain represents a new species, for which the name Streptomyces stramineus is proposed because of the color of the aerial mycelium and spores. A formal description of the species is given below. Description of Streptomyces stramineus sp. nov. Streptomyces stramineus (stra.min'e.us. L. adj. stramineus, straw colored, referring to the color of the aerial mycelium and spore mass). The substrate mycelium is yellow to yellowish brown. Aerial mycelium forms verticils on which umbels consisting of straight chains of ovoid, smooth-surface, straw yellow spores (0.5 by 1.0 pm) are produced. Soluble pigments that range from yellowish to shades of brown are produced on several media, such as yeast extract-malt extract agar. Casein, esculin, gelatin, hypoxanthine, starch, tyrosine, and xanthine are hydrolyzed; adenine and urea are not hydrolyzed. Phosphatase is produced; nitrate is not reduced. Melanin pigments are not produced from tyrosine. Growth occurs in the presence of glycerol, 5% NaC1, and lysozyme; no growth occurs in the presence of salicylate. Acetate, citrate, malate, propionate, pyruvate, and succinate are assimilated; benzoate, lactate, mucate, oxalate, and tartrate are not assimilated. Acid is produced from adonitol, dextrin, fructose, glucose, glycerol, inositol, maltose, mannitol, mannose, sorbitol, and trehalose; no acid is produced from arabinose, cellobiose, dulcitol, erythritol, galactose, melibiose, a-methyl-D-glucoside, raffinose, rhamnose, salicin, sucrose, xylose, or P-methyl-D-xyloside. Growth occurs on fruc- 
